† Background and Aims The ability of plant lineages to reach all continents contributes substantially to their evolutionary success. This is exemplified by the Poaceae, one of the most successful angiosperm families, in which most higher taxa (tribes, subfamilies) have global distributions. Due to the old age of the ocean basins relative to the major angiosperm radiations, this is only possible by means of long-distance dispersal (LDD), yet the attributes of lineages with successful LDD remain obscure. Polyploid species are over-represented in invasive floras and in the previously glaciated Arctic regions, and often have wider ecological tolerances than diploids; thus polyploidy is a candidate attribute of successful LDD. † Methods The link between polyploidy and LDD was explored in the globally distributed grass subfamily Danthonioideae. An almost completely sampled and well-resolved species-level phylogeny of the danthonioids was used, and the available cytological information was assembled. The cytological evolution in the clade was inferred using maximum likelihood (ML) as implemented in ChromEvol. The biogeographical evolution in the clade was reconstructed using ML and Bayesian approaches. † Key Results Numerous increases in ploidy level are demonstrated. A Late Miocene -Pliocene cycle of polyploidy is associated with LDD, and in two cases (the Australian Rytidosperma and the American Danthonia) led to secondary polyploidy. While it is demonstrated that successful LDD is more likely in polyploid than in diploid lineages, a link between polyploidization events and LDD is not demonstrated. † Conclusions The results suggest that polyploids are more successful at LDD than diploids, and that the frequent polyploidy in the grasses might have facilitated the extensive dispersal among continents in the family, thus contributing to their evolutionary success.
INTRODUCTION
During the last two decades, the central importance of longdistance dispersal (LDD) in the generation of biodiversity has become obvious. Not only has it been the only process by which isolated archipelagos such as Hawaii and the Canary Islands have become vegetated (Wagner and Funk, 1995) , but it has also led to the transoceanic expansion of numerous genera [e.g. Hordeum (Blattner, 2006) , Festuca (Inda et al., 2008) , Cardamine (Carlsen et al., 2009) ] and families [e.g. Proteaceae (Barker et al., 2007) , Fabaceae (Lavin et al., 2005) ] where they often become important contributors to the diversity of the newly colonized region. Dispersal to new continents, isolated islands or new habitats is also often associated with the dramatic and rapid evolution of structural diversity or the generation of great species richness. Such radiations are well documented from archipelagos such as Hawaii (Givnish et al., 1995 Baldwin, 1997 , but are also known from large islands, such as New Zealand (Pirie et al., 2010; Wagstaff et al., 2010) , or isolated habitats on continents (Klak et al., 2004; Hughes and Eastwood, 2006) . There has been substantial recent research seeking predictors for these LDD events, with a strong focus on extrinsic environmental explanations. In particular, it has been suggested that habitat similarity (Crisp et al., 2009) , dominant wind directions (Wright et al., 2000; Muñoz et al., 2004; Sanmartín et al., 2007) or bird migration routes (Coleman et al., 2003; Blattner, 2006) might determine dispersal routes and events. Although intrinsic attributes such as seed morphological structures were explored early in the last century (Ridley, 1930) , in the past decade these intrinsic factors have not received much attention. Indeed, a review of whether morphology relates to LDD concluded 'that the relationship between morphologically defined dispersal syndrome and long-distance dispersal is poor' (Higgins et al., 2003) .
Polyploidy (the possession of at least three complements of chromosomes) or whole-genome duplication (WGD), followed by diploidization, is an important factor in plant evolution. The origins of seed plants and angiosperms (Jiao et al., 2011) and the diversification of angiosperms have been linked to a series of WGD events (Soltis et al., 2009) . Polyploidy may impact plant -animal interactions (Thompson et al., 2004) due to differences in the secondary chemicals among the cytotypes (Levin, 2002) , and may extend the ecological range available to species, resulting in range expansions into often hostile habitats (Brochmann et al., 2004) . Polyploids are linked to adaptive radiations, as exemplified by the silversword radiation on Hawaii (Barrier et al., 1999) . Invasive species (Ellstrand and Schierenbeck, 2000) are also more likely to be polyploid than diploid, as shown in a meta-analysis of 81 invasive species and their congeners (Pandit et al., 2011) . Much of this success has been hypothesized to be due to allopolyploids combining the genetic information of two parent species (Mummenhoff and Franzke, 2007; Doyle et al., 2008) , where the larger genetic variance might enable a wider adaptive range (Lee, 2002) .
An association between polyploidy and LDD (interpreted here in the historical biogeographical sense, i.e. crossing ocean basins) has been reported from diverse groups, from several continents and scattered over the angiosperm phylogeny, illustrating that the association is widespread (Coleman et al., 2003; Kadereit et al., 2006; Moore and Donoghue, 2007; Mummenhoff and Franzke, 2007; Inda et al., 2008; Marcussen et al., 2012) . There are a numberof cases where it is clear that the polyploidy happened after dispersal, e.g. in the amphitropical American disjunctions in the Polemoniaceae (Johnson et al., 2012) or the Australian Lepidium (Brassicaceae) (Mummenhoff et al., 2004) , corroborating the interpretation that polyploidy has more to do with postdispersal establishment, or maybe even persistence, than with the actual dispersal. There are also numerous cases where polyploids within a species complex are dispersed much more widely than diploids [e.g. the soybean Glycine tabacina, where the polyploids have reached the Pacific islands, while the diploid populations are restricted to the ancestral area in eastern Australia (Doyle et al., 1990) ].
The association between polyploidy and LDD can operate at two levels. The more general hypothesis is that LDD is more frequent in polyploid than diploid lineages. Thus the polyploidization event can precede LDD, and one polyploidization event can facilitate a series of LDD events. A more restrictive hypothesis is that LDD events are associated with polyploidization events, thus ploidy changes and LDD co-occur more frequently than expected, and a polyploidization event can be associated with only one LDD event.
Here we explore the correlation between polyploidy and LDD in the danthonioid grasses. The 281 species of the C 3 , temperate, grass subfamily Danthonioideae are found on all continents excluding Antarctica (Fig. 1) , but are both ecologically more common and more species rich on the southern continents (Linder et al., 2013) . Well known austral danthonioids include the Australian wallaby grasses (Rytidosperma), New Zealand snowgrasses (Chionochloa) and South American pampas grasses (Cortaderia). In the northern continents, the danthonioids are less well known, and include the oat grasses (Danthonia) from North America. By correlating LDD events with the ploidy level change in the danthonioids we show that successful LDD is significantly more frequent in polyploid than diploid clades. However, we find no support for the more restrictive hypothesis, that LDD and polyploidization events occur simultaneously.
MATERIALS AND METHODS

Phylogeny
The phylogeny of the grass subfamily Danthonioideae was obtained from Antonelli et al. (2011) and Linder et al. (2013) . This is based on 270 accessions (representing approx. 81 % of the 281 described species) and eight plastid and two nuclear EAST AFRICA (15) MADAGASCAR (7) HIMALAYA (2) 6, 12, 36 Tribolium: 6, 12, 18 Tenaxia: 12, 18, 28 Chaetobromus: 6, 12, 24, 48, 54 Pentameris: 7, 13, 14, 18, 21, 26, 28, 35, 39, 42 (Huelsenbeck and Ronquist, 2001) and Garli (Zwickl, 2006) , respectively. The trees were rate corrected with BEAST (Drummond and Rambaut, 2007) , using two independent runs of 10 7 generations each, sampling every 1000th generation and assuming a Yule tree prior, and calibrated against the median crown node age of the subfamily as established by Bouchenak-Khelladi et al. (2010) . We removed all taxa lacking ploidy data, and among the duplicated taxa (where the plastid and nuclear partitions were incongruent) retained only those based on nuclear data (as the chromosome number is nuclear inherited) using Drop-tip implemented in the R package APE (Paradis et al., 2004) .
There is evidence for hybridization in the subfamily (Pirie et al., 2009) ; consequently, the taxon phylogeny should be seen as a network rather than a strictly dichotomously branching tree. Such a network could be inferred from the nuclear gene trees. However, our focus here is on the number of chromosomes rather than the patterns of hybridization; consequently, the simplified 'tree-like' approximation of the phylogeny should be adequate.
Ploidy data
The chromosome numbers for the danthonioid species were obtained from a literature survey, and were all derived from counts either from root tips or from pollen mother cells. We checked the data against the IPCN database, accessed 16-17 August 2012 (http://www.tropicos.org/Project/IPCN). For the analyses, we used the minimum chromosome number in species with several ploidy levels, on the assumption that the lowest number is ancestral in the species and that higher numbers are the result of secondary duplications within the species. Consequently the lowest number is relevant to understanding the supra-specific evolution of chromosome numbers. Randomly sampling counts from the set reported per species (Pandit et al., 2011) assumes that intraspecific gains and losses are equally likely. We assume that, despite some evidence of potential diploidization, the number of chromosomes can be used to infer the number of polyploidization events, while completely aware that chromosome rearrangements could reduce these. Where available, the reported counts were compared with published photographs and camera lucida drawings, and the vouchers checked.
Dispersal events
The Danthonioideae date to the Oligocene (BouchenakKhelladi et al., 2010), too recent for vicariance explanations for the disjunctions across the Indian and Atlantic Oceans. Consequently we did not use analytical methods that allowed for vicariance, such as DIVA (Ronquist, 1996; Yan Yu et al., 2011) or DEC (Ree and Smith, 2008) . Instead we obtained an initial mapping of the distribution ranges over the set of Bayesian trees using stochastic mapping, implemented in 'Multistate' in BayesTraits (Pagel and Meade, 2010) . In order to retain compatibility with the ploidy analysis, we used the set of reduced trees. The analysis was iterated 5 million times, the first 200 000 replicates were removed as burn-in and subsequent sampling density was every 1000 replicates. In order to find the best priors, we implemented a hyperprior. The Rate Dev was set to 0 . 001 in order to obtain a 20 % acceptance rate. The nodes of interest were defined with the 'AddMRCA' command. The areas defined are Africa (including East Africa, the only count for Madagascar is of a species widespread in southern Africa), Australia (including Tasmania and New Guinea), New Zealand (including the islands), South America, North America (including the Caribbean islands) and Europe. Biogeographical areas 'missing' due to the absence of chromosome counts of endemic species are Madagascar, Amsterdam Island (in the southern Indian Ocean) and the Himalayas.
Mapping ploidy changes
We used ChromEvol (Mayrose et al., 2010) to estimate the number of genome polyploidizations (duplication of the genomes), demi-polyploidizations (combination of, for example, diploid and tetraploid genomes to form a hexaploid genome) and ascending or descending dysploidy (the gains or loss of single or, more rarely, several chromosomes). This tests a set of eight models (chromosome gains, losses, duplication events and demi-polyploidization events) and obtains the likelihood for each model. The optimal model is then used to map the events over a tree. This method uses only one tree, so cannot take account of topological uncertainty. We set the initial parameters as 'gainConstR' ¼ 0 . 5, 'lossConstR' ¼ 0 . 5, 'duplConstR' ¼ 0 . 5 and 'DemiPloidyR' ¼ 0 . 5. In order to obtain a random model, 1 000 000 simulations were performed.
Hypothesis 1: ploidy increase and dispersal
In order to determine whether LDD was more likely in a polyploid than a diploid clade, we tested whether dispersed clades are polyploid, and undispersed clades diploid. We scored each species as either diploid (2n ¼ 12 or 14) or polyploid (2n . 14). Species from southern Africa were scored as 'undispersed', consistent with our findings that the ancestral area is southern Africa (Linder et al., 2013) and our results here. We consequently scored all species from outside southern Africa as 'dispersed'. This test was conducted using a Bayesian approach as implemented in BayesTraits (Pagel and Meade, 2010) , as this takes into account branch lengths as well as topological uncertainty. Reversible jump was used to select between models; these could be classified as 'dependent' (dispersal constrained to occur only in polyploid taxa) or 'independent' (dispersal and polyploidy allowed to vary independently on the trees) models. The analyses were run over 2 million generations, with the first 500 000 discarded as burn-in. The acceptance rate was used as an indicator to show when the results stabilized. One tree in every 500 replicates was sampled. The priors were unrestricted (reversible jump to a uniform prior with very wide margins). Rate dev was set to 0 . 001, in order to obtain an acceptance rate between 20 and 40 %.
Hypothesis 2: LDD linked to polyploidization events
We tested whether polyploidization events predict LDD by calculating a logistic regression with LDD as the response variable and polyploidization events as the predictor variable. Because both LDD and polyploidization events are more likely on longer branches (both were mapped over the topology assuming a response to branch length), we included branch length as a predictor variable. As the distribution of branch lengths was strongly left-skewed, we normalized the distribution by logtransforming branch length. These analyses were conducted in R (R Development Core Team, 2012), using the packages (aod) (Lesnoff and Lancelot, 2012) .
RESULTS
Chromosome numbers are available for 180 of the 315 species and subspecies of danthonioids (Supplementary Data Table S1 ), and, of these, 154 are included in the phylogeny (Supplementary Data  Fig. S1 ). The reconstruction of the evolution of ploidy numbers using ChromEvol (Mayrose et al., 2010) suggests that the most complicated evolutionary model applies, which allows for separate rates of polyploidizations and demi-polyploidizations, as well as separate rates of individual chromosome losses and gains (ascending or descending dysploidy) scaled to the total number of chromosomes (Table 1) . According to this model, there should be 40 . 3 genome duplications, 19 . 9 demi-polyploidizations, 3 . 6 chromosome gains and 11 . 2 chromosome losses. The ancestral haploid number is probably six ( Fig. 2A ; Supplementary Data Table S2 ).
According to the area optimizations, the ancestral area of the danthonioids was, with a high probability, southern Africa (Fig. 2B) . Subsequent areas occupied were New Zealand, South America and Australia. According to the phylogenetic reconstruction, many of these range expansions occurred repeatedly. The ancestral area of the Danthonia clade is unclear, and is with almost equal probability South or North America, with much lower probability New Zealand or Australia, or even Europe, but clearly not Africa. Subsequent areas occupied are North America, Europe and Malaysia. Thus we have range expansion from southern Africa to all other continents. These range expansions are most probably by LDD, as the dates estimated for the danthonioid disjunctions are much younger than the age of the ocean basins. Bayesian analysis confirmed that LDD occurs significantly more frequently in polyploid than diploid lineages. Indeed, inspection of Fig. 2 shows that LDD events occur only in polyploid lineages or in association with genome duplications. This is supported by Pentameris natalensis, with diploid and tetraploid populations in Africa, and only tetraploids known from Madagascar (Tateoka, 1965; Davidse et al., 1986; Du Plessis and Spies, 1992) .
The logistic regression model of LDD as the response variable and polyploidization events and branch lengths as predictor variables is weakly better than an empty model (P , 0 . 05), and retained log-branch length in the model, at P , 0 . 05, but not polyploidization events.
DISCUSSION
Our results, based on a well sampled phylogeny and substantial cytological data, find support for the hypothesis that successful LDD is more likely in polyploid than diploid lineages, but finds no support for the more restrictive hypothesis that ploidy changes and LDD co-occur significantly in the subfamily Danthonioideae. The optimizations indicate an ancestral haploid number of six for the Danthonioideae, the same as that estimated for the PACCAD clade in which the Danthonioideae are nested (Grass Phylogeny Working Group, 2001). As is common in the grasses, polyploids are numerous in the clade, and in some instances form nested series. Forty-two of the 180 taxa (23 %) have more than one ploidy level, and this number is probably an underestimate due to the small number of species which have been studied more than once (for 52 of the 180 species only a single report on the ploidy level is available). Only 40 of the 180 species are diploid, thus 78 % of the species are polyploid, a value which agrees closely with the approx. 80 % polyploidy suggested for the grasses (Hunziker and Stebbins, 1986) . Danthonioids have among the highest ploidy levels recorded for the grasses (Rytidosperma exiguum is 2n ¼ 156, and thus 26-ploid). The reconstruction suggests 38 duplication events and 19 demi-polyploidization events with a probability of .0 . 5. These events are evenly scattered across the phylogeny (Fig. 2) . Twenty-six of these duplications affect only a single terminal species, and more sampling might reveal that these species contain polyploid series. The earliest, Miocene, duplications are inherited by several species, and these species may be considered mesopolyploids (in the sense of Mandakova et al., 2010) . In two instances these provide the basis of a secondary round of polyploidization, a pattern that appears to be typical of the grasses (Stebbins, 1985) and other families such as Brassicaceae (Mandakova et al., 2010) . Dysploid evolution has received little attention in the literature, but three of the ten instances in the danthonoids are associated with dramatic changes. In Pentameris ascending dysploidy is associated with a major diversification: Pentameris isthe most species- Note that the models are ranked by their AIC values Dups, polyploidization; demi, demi-polyploidization; loss, loss of a chromosome; gain, gain of a chromosome; linear, loss and gain rates scaled to the total chromosome number. The most likely haploid chromosome numbers are indicated at the critical nodes, inside a doughnut indicating the posterior probabilities of all haploid numbers at that node. Branch colours reflect the ploidy level: the ancestral haploid number is six; nodes that retain this ploidy level are coloured blue. A first increase in ploidy is coloured brown, and a second increase (either duplication or demi-polyploidization) red. (B) Branch colours indicate the geographical regions as inferred from ML, and the probability distribution (as determined by stochastic mapping) at critical nodes is given as pie-charts. Abbreviations of generic names: Austro, Austroderia; Chaeto, Chaetobromus; Geo, Geochloa; Merx, Merxmuellera; Pseudo, Pseudopentameris.
rich grass clade in the otherwise quite grass-poor Cape flora, and members of the genus are also important components of the grass flora of some African tropic-alpine habitats (P. mannii on Mt Cameroon and P. minor on Mt Kilimanjaro). Its ancestral haploid count of n ¼ 7 is, presumably, derived by the dysploid gain of a chromosome. This gain occurred at least three times in the danthonioids: at the base of the Pentameris clade, in the lineage leading to Chionochloa, and also in Pseudopentameris.
In the New Zealand Chionochloa, this led to the radiation of the snowgrasses (Pirie et al., 2010) , one of the important elements of the southern New Zealand tussock grasslands (Wardle, 1991) . The unusual n ¼ 13 appears to have evolved twice in Pentameris, probably by a duplication and descending dysploidy from n ¼ 7, or, less likely, by hybridization with Merxmuellera giving 6 + 7 (Du Plessis and Spies, 1992) . The one origin is in the widespread and rather unusual Cape grass P. eriostoma, and the second is in the tropical African clade of P. borussica, P. mannii and P. minor. The latter clade is associated with an LDD, first from southern to eastern Africa (where the lineage is found in the montane zone of the Rift Valley mountains), then to Mt Cameroon, where P. mannii is a co-dominant grass in the upper alpine reaches of the peak. The Danthonia and the Rytidosperma clades are examples of nested polyploidizations (Stebbins, 1985) . The Danthonia clade, which includes Cortaderia, Austroderia, Danthonia, Notochloe, Plinthanthesis and Chimaerochloa, originated with a chromosome doubling event associated with dispersal from Africa to the Americas (Fig. 2) . This laid the foundation for numerous subsequent increases in ploidy in the genera in this clade. Most Danthonia species are hexaploids (n ¼ 18), resulting from demipolyploidizations. The current phylogenetic resolution suggests that this evolved twice, but it also remains possible that this demi-polyploidization occurred only once, as the phylogeny of Danthonia is still not robustly resolved. Cortaderia shows a plethora of numbers, including very high ploidy (to 25-ploid C. peruvianus), building up from a possible ancestral number of n ¼ 18, as found in C. pilosa. However, additional chromosome counts are needed from all species in this genus to understand the chromosomal evolution within Cortaderia. Cortaderia and Austroderia both show extensive gynodioecism, an unusual breeding system in the grasses (Connor, 1970 (Connor, , 1979 . Austroderia in New Zealand (n ¼ 45) is an example of repeated secondary duplications. The Rytidosperma clade is an excellent example of the evolution of a new 'base' number, from which numerous polyploid complexes evolved. The ancestral condition of n ¼ 6 is retained by all African members of the clade (Schismus, Tribolium and Tenaxia). At the base of the genus Rytidosperma is a chromosome duplication which co-occurs with dispersal from Africa to Australia. These tetraploids are reported to behave as diploids (Brock and Brown, 1961) . Although the substantial variations in chromosome numbers in some widespread Australian species of Rytidosperma are linked to ecological and geographical differentiation (Waters et al., 2010) , subsequent dispersal to New Zealand and South America is not linked to further ploidy increases, and the dispersal of R. oreoboloides from Australia to New Guinea is correlated with descending dysploidy. We have no further information on the other ten Malesian species, so do not know whether the whole group have n ¼ 10.
Many reasons have been advanced to explain why polyploids may be successful as long-distance dispersers; these are all associated with the biology of establishment, rather than of dispersal. Polyploidy (and particularly allopolyploidy) allows the immigrants to survive genetic bottlenecks resulting from single-seed immigrants and the subsequent inbreeding in small, newly established populations (Barrett, 1988) . This also includes the masking of deleterious alleles, thus reducing the impact of inbreeding depression and fixed heterozygosity (Soltis and Soltis, 2000; te Beest et al., 2012) . Adaptation to the different environmental and ecological opportunities in the new continent could be enhanced by the wider range of gene expression found in heterozygote allopolyploids, leading to novel trait expression and new ecological opportunity (Doyle et al., 2008; te Beest et al., 2012) . It is usually assumed that most grass polyploids are allopolyploids (De Wet, 1986) resulting from the hybridization of two species. The situation is unclear in the danthonioids. In Pentameris airoides, meiotic studies revealed chromosome pairing consistent with an allopolyploid, thus hybrid, origin (Spies et al., 1994) . In all Rytidosperma species investigated, the meiotic chromosomes formed bivalents (Brock and Brown, 1961) , but this could also result from diploidization. Another line of evidence comes from incongruent nuclear and plastid phylogenies, which suggest the hybrid origin of the hexaploid core Cortaderia. However, other similarly demonstrated hybrids (Pirie et al., 2008) show no increase in ploidy (e.g. Capeochloa arundinacea and Danthonia alpina) or are chromosomally unknown (Notochloe). It is therefore unknown how many of the polyploid events, and particularly the palaeopolyploid events, are associated with hybridization.
Polyploid grasses may have a further advantage in LDD, as they have an unusual, two-locus, gametophytic incompatibility system, the S-Z system (Pandey, 1979) . If the allelles of both loci of pollen and stigma match, then they are incompatible: the pollen still germinates, but the pollen tube does not successfully penetrate the stigma (Hayman, 1992; Langridge and Baumann, 2008 Johnson et al. (2012) Polyploidy was inferred based on the chromosome numbers, with allotratraploidy inferred from the formation of bivalents at meiosis.
S-Z system differs in several significant ways from the S system, which is common in the rest of the angiosperms. First, even selfed flowers have a low seed set. Thus the system is 'leaky'; this low seed set is referred to as 'pseudocompatible'. This means that a single seed establishing after LDD is still capable of producing offspring, albeit in small numbers. The clonal growth form of grasses may allow the plants to persist, thus generating more opportunity for occasional seed set. The second important attribute is that the S-Z system does not break down in polyploids, as incompatibility occurs if either or any of the S-Z sets are identical. This guarantees an outcrossing advantage in small populations, and reduces inbreeding. However, the sparse current evidence is that both Australian and New Zealand danthonioids are self-compatible (Cashmore, 1932; Brock and Brown, 1961) , suggesting that this mechanism may not apply. A more detailed survey of the breeding systems of the danthonioids, and the grasses in general, is needed to test this model. How general is the association between LDD and polyploidy? We know of seven well-demonstrated cases (Table 2) ; there are no doubt many more. If the association with the S -Z incompatability system is valid, then they should be particularly common in the grasses, and, if the association with diversification holds, then also in the Asteraceae and Poaceae (both with simple flowers, and recent radiations). This is corroborated by the very high percentage of polyploidy in the New Zealand grasses (Murray et al., 2005) , all of which arrived by LDD. A total of 186 of the 203 species have been counted; of these only eight (4 %) are diploid, compared with a global average of 20 %. Stebbins (1985) proposed that there are cycles of polyploidization, followed by diploidization, in the grasses, associated with the occupation of new habitats (e.g. the result of mountain building, the Miocene evolution of pyrophytic grasslands and the climatic turbulence of the Plio-Pleistocene). We show that in the danthonioids these cycles can indeed be detected, but that they may be associated with the colonization of new continents. From an ancestral diploid lineage in Africa, colonization of South America by the tetraploid Danthonia clade, New Zealand by the hexaploid Chionochloa and Australia by the tetraploid Rytidosperma followed. In these three regions, these lineages became diploidized, and in two (Danthonia and Rytidosperma clades) provided the base from which further cycles of polyploidization occurred. These led to the hexadecaploid New Zealand Austroderia and the hexaploid North American and European Danthonia. The polyploid cycles in the grass subfamily Danthonioideae may be linked to successive waves of dispersal and subsequent diversification. Either way, the remarkable success of this austral grass clade may be intimately linked to the chromosome evolution in the clade. The high species richness of the Poaceae, with .10 000 species the fifth largest angiosperm family, and by far the largest family of windpollinated plants, may thus be due to polyploidy facilitating LDD, resulting in parallel radiations on new continents.
SUPPLEMENTARY DATA
Supplementary data are available at www.aob.oxfordjournals.org and consist of the following. Table S1 : chromosome number data. Table S2 : ChromEvol output for the optimal model. Figure  S1 : phylogeny with node names and HPD of node ages.
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